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g/10.1016Abstract Metal phosphides in general are potent pesticides that are a common cause of human
poisoning. Various salts of phosphides produce highly toxic phosphine in exposure to gastric acid
that results in multi-organ damage and death. There is no antidote for phosphine poisoning and
most of human poisoned cases do not survive. All we know so far is that phosphine is a mitochon-
drial toxin that inhibits cellular respiration and induces oxidative stress. Mechanistically, phosphine
as a reducing agent interacts with metal ion cofactors at the active site of enzymes and inhibits key
enzymes such as cytochrome C oxidase that lead to inhibition of mitochondrial respiration. Phos-
phine (E0 = 1.18 V) as a reducing agent gives electrons to cytochrome C oxidase
(E0 =+0.29 V). Metal phosphides with lower reduction potential are stronger electron donors
and thus stronger poisons. Our hypothesis is that if an electron receiver stronger than cytochrome
C oxidase is used then it would compete with cytochrome C oxidase in interaction with phosphine.
This competition might prevent or reduce the inhibition of cellular respiration. This idea can be
tested in an animal model of phosphine toxicity by monitoring cardiovascular state and measuring
the cardiac mitochondrial function.
ª 2012 Tehran University of Medical Sciences. Published by Elsevier Ltd.Open access under CC BY-NC-ND license. Introduction
Metal phosphides are very effective pesticides but the cause of
human poisoning by direct ingestion of the salts or inhalation
of phosphine generated during their approved use [1]. Human
poisoning with phosphides has been dramatically increased in21 66959104.
(M. Abdollahi).
niversity of Medical Sciences. Pub
h/
/j.jmhi.2012.03.011the last fewdecadeswith a highmortality, especially in attempted
suicide cases. Although phosphine toxicity has been reported in
many countries of the world, most of the cases of poisoning are
from India [2] and there are also reports from Iran [3].
When a phosphide salt is ingested, it is decomposed into
highly toxic phosphine gas in exposure to gastric acid. Twolished by Elsevier Ltd.Open access under CC BY-NC-ND license. 
Table 1 Reduction potential of metals.
Cathode (Reduction) Half-Reaction E (volts)
Li+(aq) + e ﬁ Li(s) 3.04
K+(aq) + e ﬁ K(s) 2.92
Ca2+(aq) + 2e ﬁ Ca(s) 2.76
Na+(aq) + e ﬁ Na(s) 2.71
Mg2+(aq) + 2e ﬁ Mg(s) 2.38
Al3+(aq) + 3e ﬁ Al(s) 1.66
Zn2+(aq) + 2e ﬁ Zn(s) 0.76
Aqueous (aq); s (Solid); E (Electron receiving potential).
Figure 1 Pressing out of the protons from the matrix space
along with the electron transport chain.
Proposing an antidote for poisonous phosphine in view of mitochondrial electrochemistry facts 33main known mechanisms of action of phosphine are induction
of oxidative stress and inhibition of cellular respiration
through disruption of mitochondrial electron transport chain.
Phosphine as a reducing agent makes complex with metal ion
cofactors at the active site of enzymes inside mitochondria. In
fact, complex IV (cytochrome C oxidase) of the electron trans-
fer chain is the primary target of phosphine toxicity [4].
Within the respiratory chain, the complex IV has a higher
reduction potential (E0 =+0.29 V) than others that makes
it more vulnerable to take electrons. Thus, movement of elec-
trons in the chain is based on the increase in the reduction po-
tential [5].
The hypothesis
Phosphine (E0 = 1.18 V) as a reducing agent gives electrons
to cytochrome C oxidase that results in disruption of electron
transport chain. It is known that metal phosphides with lower
reduction potential (Table 1) are stronger electron donors and
more powerful poisons (Table 2). The relationship between
reduction potential and power of toxicity shows that inhibition
of the respiratory chain follows the electrochemical law. This
law is used to predict whether an oxidation–reduction reaction
should occur. Oxidation–reduction reactions occur when the
stronger oxidising agent or the stronger reducing agent is con-
verted into weaker oxidising or reducing agents. Therefore, if
an electron receiver stronger than cytochrome C oxidase is
used, then it would precede interaction with phosphine and
thus cytochrome C oxidase may become vacant and undisrupt-
ed. This competition can probably stop or reduce the inhibi-
tion of cellular respiration (Fig. 1).
How to evaluate the idea
An animal or particularly rat model of phosphine poisoning
should be set up and cardiac or respiratory parameters must
be monitored. For this purpose, in an in-vivo model, animals
would be exposed to oral aluminium phosphide (AlP) and an
electron receiver (i.e., Cu+, Fe3+, Ag+, I2, Hg
2+, ClO,Table 2 Properties of commonly available metal phosphides.
Metal phosphide Source Chemical
Aluminium Fumigant, insecticide, rodenticide AlP
Zinc Insecticide, rodenticide Zn3P2
Magnesium Fumigant, insecticide, rodenticide Mg3P2
Calcium Rodenticide Ca3P2Ce4+, Co3+, O3 or F2) to examine whether cardiac and respi-
ratory systems respond. At the next step, cardiac and respira-
tory organs can be isolated and tested for mitochondrial
functions particularly the complex IV and oxidative stress.
As an alternative, the second step can be studied in an isolated
organ bath or even in cell culture.
Discussion
If the proposed idea worked in animal model without causing
unwanted effects, then it can be trialled in poisoned patients
who are referred to the hospital at initial minutes of exposure
to phosphine. The preference in the use of electron receivers
would be a proper form of Ag+, Cu+ or Fe3+. By use of these
electron receivers, the hope is to have a chance to delay or pre-
vent death and perform necessary detoxiﬁcation and support-
ive managements. In the present protocol, the phosphine will
interact with the electron receiver and thus vital mitochondrial
sites such as cytochrome C oxidase would remain safe.
Conclusion
The toxicity of phosphine in the mitochondria follows electro-
chemical relations and thus various antidotes can be proposed.formula Physical form Oral LD50 in rat
Yellow or dark gray crystal 20 mg/kg
Gray tetragonal crystals 4–5 mg/kg
Yellow-green crystals 10.4 mg/kg
Red-brown crystalline powder 8.7 mg/kg
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What do we already know about the subject?
In human poisoning, phosphine disrupts mitochon-
drial electron transport chain, complex IV, and induces
oxidative stress that all result in wide cell damage and ﬁ-
nally death. Any compound with such toxicity is consid-
ered a dangerous poison.
For example: CO, CN, PH3
What does your proposed theory add to the current
knowledge available, and what beneﬁts does it have
This hypothesis opens a new line of study to ﬁnd a
proper antidote for this dangerous poison.
Among numerous available studies, what special further
study is proposed for testing the idea?
The hypothesis can be ﬁrst tested in-vivo in animal
models by monitoring cardiovascular and if possible
respiratory functions. In the next step, the target organs
should be examined in-vitro for outcomes such as mito-
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